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Thesis directed by: Dr. Neeraja Sadagopan, PhD, CCC-SLP 
 
ABSTRACT 
The aims of this study were to a) investigate the precise changes in voice during two consecutive 
reading tasks, b) measure any changes to that same voice after oral hydration interventions 
following each task, and c) gain insight into the onset and progression of the fatigue as the 
individual spoke at their normal loudness and pitch throughout the experiment. Within a single 
experimental session, nine college-aged participants (3 male and 6 female) read aloud (in their 
normal loudness and pitch) during two 30-minute blocks with hydration and breaks in between. 
It was hypothesized that acoustic voice measures would decline from the beginning to the end of 
each reading session, and that drinking water would effect an immediate, transient change in 
voice that would be masked with continued sustained voice use.  
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The Effects of a Vocally Fatiguing Reading Task and Hydration Intervention on Voice 
INTRODUCTION 
 The laryngeal system is a complex network of tissue, cartilage, and muscle, and is 
paramount in contributing to speech capabilities, a characteristic that can be perceived as 
uniquely human. Due to the specific anatomy and structural composition of the cartilages that 
make up the larynx (which contains the vocal folds), this portion of our airway provides a 
constriction path that is adjustable. As an airstream flows from the lungs to the oral cavity, this 
air passes between the vocal folds. Our ability to systematically position these delicate bands of 
membrane across moving air creates a vibratory system. The result is the fine motor act of 
phonation—or voicing. 
Vocal Fatigue 
 Vocal fatigue is a phenomenon for which the “underlying mechanisms […] remain either 
uncertain or unproven” (Welham & Maclagan, 2003, pg. 21). The definition of vocal fatigue 
employed by Welham & Maclagan (2003) is a “negative vocal adaptation that occurs as a 
consequence of prolonged voice use,” with negative vocal adaptation defined as the “perceptual, 
acoustic, or physiological” indicators of “undesirable or unexpected changes in the functional 
status of the laryngeal mechanism” (pg. 21). Several past studies have been conducted in relation 
to the effects of a fatiguing task on vocal quality, but “much of the experimental literature 
attempting to induce vocal fatigue in human participants has yielded varied and inconsistent 
results” (Welham & Maclagan, 2003, pg. 21). In a study by Remacle, Finck, Roche, and 
Morsomme (2012), the impact of duration and intensity of 2 hours of continuous reading on 
voice was investigated. 50 female subjects without any history of laryngeal pathologies or voice 
disorders, who were non-smokers, and who had no vocal training were included in this study. 
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Subjects read a novel for 2 hours per session. Two sessions were conducted for each subject with 
altered intensity levels (60-65 dB SPL for the first and 70-75 dB SPL for the second). Results 
indicate that average fundamental frequency, phonatory effort, vocal fatigue, and laryngeal 
discomfort among other measurements increased during the prolonged reading, particularly for 
the high intensity session. The study by Welham and Maclagan (2003) was conducted as a 
literature review of various studies related to vocal fatigue. The authors discuss a few studies that 
have attempted to quantify perceptual auditory and acoustic changes in voice after prolonged 
vocalization. They mention that results have varied considerably between studies in relation to 
the changes (or lack of changes) in fundamental frequency of voice which may depend on task 
variation across studies (length of reading period, intensity level, etc.). The authors report that 
findings have ranged from “negative vocal change” to “no significant changes” to “a significant 
increase in habitual F0” (pg. 24).  
Hydration and its effect on voice 
 In a study by Leydon, Wroblewski, Eichorn, and Sivasankar (2010), the authors state that 
“vocal fold hydration is purported to promote optimal biomechanical characteristics of vocal fold 
mucosa, increase efficiency of vocal fold oscillation, and enhance voice quality. Furthermore, 
they state that “maintaining adequate vocal fold hydration is considered an important component 
of vocal hygiene protocols” (Leydon et al., 2010, pg. 637). This study was conducted as a 
literature review of previous studies investigating the effect of hydration on vocal function. The 
authors found that there was great variability in the effects of hydration intervention across 
studies. The authors conclude by saying that to understand this variability in outcomes across 
past studies, the role of several factors which may impact the effects of hydration on vocal 
functioning must be clarified. These factors include the “amount, type, and duration of the 
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[hydration] intervention” (pg. 637). Furthermore, a review study by Sivasankar and Leydon 
(2010) revealed that “dehydration challenges increase the viscous properties of excised vocal 
fold tissue” and that “increased systemic and superficial vocal fold hydration as a component of 
vocal hygiene may improve overall health and efficiency of the vocal apparatus” (pg. 171). 
 In a recent literature review by Hartley and Thibeault (2014) on systemic hydration and 
vocal health, the authors report that there is growing evidence that dehydration (both systemic 
and superficial) alters the viscoelastic properties of vocal fold mucosa. This effect impacts the 
aerodynamic and acoustic phonation measures. The authors cite the above study by Leydon et al. 
(2010) as revealing considerable variation across studies with fundamental methodological 
differences hampering comparison between those studies (Hartley & Thibeault, 2014). Hartley 
and Thibeault (2014) also state that there has been greater control over measuring hydration 
intervention with excised tissues. Measures of biomechanics have shown that dehydration of 
these tissues results in changes to the viscoelastic properties of the vocal folds and reduced 
amplitude of vocal fold motion.  
Fatiguing task and effect of hydration 
 Studies have also investigated influences of hydration on vocal quality after the effects of 
a fatiguing task. In particular, in a study by Solomon, Glaze, Arnold, and van Mersbergen 
(2003), four vocally untrained men who were non-smokers without a history of voice disorders 
participated in several sessions of experimentation. As stated above, two of these sessions were 
conducted when subjects were typically hydrated, and another two were conducted when 
subjects had altered systemic hydration. Sessions were in the morning before subjects had 
engaged in talking activities and the two days before the typical hydration sessions, subjects 
consumed a typical amount of water and no caffeinated beverages. Results related to hydration 
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revealed that for two of the four male subjects, “drinking water appeared to delay or attenuate the 
detrimental effects of the strenuous phonation task.” The authors do mention that because of the 
small sample size, the results should be interpreted with caution. Although the Remacle et al. 
(2012) study did not investigate effects of hydration, every 30 minutes when the objective 
measurements were gathered during the experiment, “the researcher advised the participants to 
drink one glass of water” to ensure that they would stay hydrated (pg. e178). This tells us that the 
authors considered hydration to be important in the context of prolonged reading tasks and their 
effect on vocal parameters, even if they did not incorporate it directly into the experiment.  
 The above studies agree that vocal fatigue is a measurable phenomenon; one that is 
observable even within a short frame of time after sustained vocalization (e.g.,Welham & 
Maclagan, 2003, pg. 26), and one that may be potentially attenuated through the application of 
hydration (Solomon et al., 2003). However, Welham and Maclagan, (2003) have found that most 
studies do not share consistent results concerning the nature of vocal fatigue. Reasons for this 
have been attributed to “methodological differences across studies” and “a lack of sensitivity in 
the vocal function measures employed” (Welham & Maclagan, 2003, pg. 26).  
 In terms of methodological differences as they pertained to experimental layout, studies 
were variable in the number of sessions that a single subject had to complete, the length of the 
fatiguing task, and the nature of any hydration interventions. In the study by Solomon et al. 
(2003), each subject participated in five sessions. During the second and fourth sessions, subjects 
were “typically hydrated,” and the third and fifth sessions were done “with altered systemic 
hydration,” (pg. 33) which varied between subjects (low hydration in the first session, high 
hydration in the second, and so forth for the four subjects). In this study, each subject completed 
two hours of loud reading during the sessions. The study by Remacle et al. (2012) incorporated 
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two vocal intensity levels per session (two sessions total). Each subject was instructed to read 
aloud at those specified intensities for two hours per session (the lower intensity reading during 
the first session and the higher intensity reading during the second). 
 In terms of the differences in the vocal measurements taken between studies, several 
studies incorporated phonation threshold pressure (PTP) as a measurement of fatigue. PTP is the 
minimum pressure from the lungs and trachea (subglottal pressure) required to achieve phonation 
(or voicing), and was measured in the Solomon et al. study (2003) by using a “circumferentially 
vented pneumotachographic mask” (used to measure the rate of airflow) while the subject 
repeated several syllables. Several other measurements were the same across studies, including 
fundamental frequency and self-ratings.  
 In summary, a gap in the current knowledge about vocal fatigue and hydration exists, 
such that, to our knowledge, no study has examined how sustained tasks at normal loudness and 
pitch, coupled with hydration intervention affect voice.  
Current Study 
 The aims of the current study were to (a) investigate the precise changes in voice during 
two consecutive reading tasks, (b) measure any changes to that same voice after oral hydration 
interventions following each task, and (c) gain insight into the onset and progression of the 
fatigue as the individual spoke at their normal loudness and pitch throughout the experiment. In 
line with previous findings, it was hypothesized that there would be noticeable detrimental vocal 
changes throughout the course of the experiment as the subject proceeded through the reading 
task. Further, a transient positive change was predicted after each hydration component that 
would be masked by continued sustained voice use. The justification for this hypothesis stems 
from the study by Leydon et al. (2010), which was discussed above. The authors maintain that 
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optimal hydration of the vocal folds promotes ideal functioning of the vocal fold mucosa and is 
important to maintain adequate vocal hygiene.  
 The current study differs in several methodological features from previous studies. First, 
the fatiguing task was shorter (30 minutes per reading session) and was conducted in two 
intervals during the experiment. This contrasts the study by Solomon et al. (2003) which 
included a prolonged reading task for 2 continuous hours. Second, the subjects were instructed to 
speak at a normal vocal level or intensity. Both of the above manipulations were aimed at 
characterizing any detriments to the voice from prolonged speaking in a more typical, 
“everyday” speaking situation. Again, this is in contrast to the Solomon et al. (2003) study which 
instructed subjects to read loudly during the prolonged reading task, and also contrast to the 
Remacle et al. (2012) study which regulated intensity level by specifying a normal intensity for 
the first session (60-65 dB SPL), but then specified 70-75 dB SPL for the second session. The 
hydration intervention aspect of this study differs from other studies. In particular, in the 
Solomon et al. (2003) study, subjects participated in several sessions which were divided 
between typical hydration and altered hydration. As stated above, the altered hydration sessions 
were divided between low hydration in the first session and high hydration in the second. Two 
days before the typical hydration sessions, subjects drank a typical amount of water, which was 
free to vary between subjects and was kept consistent in the experimental session depending on 
the responses listed in a hydration log. Before the low-hydration session, subjects drank 25% of 
their typical amount for two days before, and during the session, subjects paused from reading 
every five minutes to perform a dry swallow. For the high-hydration session, subjects drank 75% 
more than their typical amount for two days before, and during the session, subjects paused from 
reading every 5 minutes to drink a minimum of 30 milliliters of water. As described below, the 
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present study required that subjects drink a minimum of 32 ounces of liquid per day for the 7 
days prior to the experiment (most of which came from water), and both of the hydration 
interventions during the 2 hour-long experiment were 8 ounces of water each.  
METHODS  
Subjects 
 Nine vocally untrained college-aged students (three male and six female) from the 
University of Colorado at Boulder (between the ages of 18 and 22) completed this study. In 
providing justification for this sample size, nine subjects, as compared to existing studies, is not 
an exhaustive number, nor is it too small to be too restrictive to any conclusions made from the 
data analysis. In previous studies, there has been great variability in the number of subjects 
involved. The study by Solomon et al. (2003) used only 4 male subjects. Investigators mention 
that one of their hypotheses was not supported by the experimental results, but that these results 
“should be interpreted with caution because of the small sample size” (pg. 42). They also say that 
“perhaps a larger subject group would have revealed systematic differences” and that “aggressive 
recruitment of subjects should be a major goal of future research in this area” (pg. 42). In 
contrast, the study by Remacle et al. (2012) used a total of 50 female subjects.  
 Participants were fluent in American English without any previous or current 
vocal/laryngeal pathologies (such as vocal nodules). Bilingual individuals were included if 
native-like fluency in American English was evident in conversation with the experimenter. 
Individuals with past or current vocal pathologies were excluded. Participants were non-smokers 
without any history of smoking cigarettes. Smokers or past smokers were excluded because 
smoking may affect the overall health of the vocal folds. In a pathological study by Sharma, 
Sohal, Bal, and Aggarwal (2013) on 50 cases of laryngeal tumors, it was found that smoking 
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played a role in 25% of the benign growths investigated and in 73.2% of the malignant growths, 
smoking, tobacco chewing, and alcohol abuse were all predisposing factors (pg. 29). Based on 
this evidence alone, introducing participants who were smokers (current or previous) into the 
current study did not seem advisable. Finally, participants were not singers (either professional 
or recreational) and were not enrolled in a public speaking class. 
Procedures 
 Qualified individuals completed two experimental sessions. They also had to agree to 
comply with several pre-experimental procedures, such as completing a pre-experimental 
journal, which are described below. All procedures were approved by the University of Colorado 
Institutional Review Board.  
Session 1:  
 During Session 1, individuals first participated in two qualifying tests. The first test was a 
hearing screening with an audiometer. Frequencies were presented at 20-25 dB HL at 500, 1000, 
2000, 4000, and 6000 Hertz. Subjects who did not pass the hearing test were excluded from the 
study. Additionally, subjects completed a voice questionnaire. This questionnaire focused on 
ratings for habitual vocal use and hygiene (ie, liquids consumed regularly, etc.). Participants’ 
habitual fluid intake is summarized in Table 1. 
Table 1. Subject Habitual Fluid Intake  
Subject  
Code 
Voice hygiene/day (ounces) 
Water Caffeine (coffee, tea, soda) Alcohol consumption (daily, weekly, rarely, never) 
VOFAT 1 32 Tea=8 rarely 
VOFAT 2 48 
 
Coffee=8, Soda=8 weekly 
VOFAT 3 16 
 
Coffee=16, Tea=16 rarely 
VOFAT 4 32-40 Tea=8-24 weekly  
VOFAT 5 64 Coffee=8 never  
VOFAT 6 64 
 
Coffee=8, Tea=8 weekly  
VOFAT 7 40 
 
Coffee=8, Tea=24 rarely  
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VOFAT 8 42 
 
Coffee=12, Soda=8 rarely  
VOFAT 9 64 
 
Coffee=8, Tea=32, Soda=8 rarely  
 (The questionnaire was adapted from the Baylor All Saints Medical Center, D. Wayne Tidwell 
Voice, Speech, and Swallowing Center.) 
 
 If subjects qualified, they also signed the consent form during Session 1. After this, 
instructions were provided for the following session. For the seven days prior to Session 2, each 
subject was asked to complete a Personal 7 Day Log to record daily liquid consumption, amount 
of sleep per night, and approximate amount of talking per day. Each subject was instructed to 
drink a minimum of 32 ounces of liquid per day (most of which came from water) for the seven 
days prior to Session 2. The morning before reporting to the lab for Session 2, each subject was 
instructed to wake up two hours before coming to the lab, drink 16 ounces of water within 1.25 
hours of waking up, eat a solid food breakfast, and refrain from talking that morning (to ensure 
that they did not enter the lab with a voice that was already fatigued). Subjects also refrained 
from consuming alcohol or caffeine for two days prior to Session 2. Caffeine is suspected to be 
an agent in dehydrating the vocal folds. According to a study by Franca, Simpson, and Schuette 
(2013), it is unclear based on experimental evidence as to whether caffeine is a dehydrating 
agent, but there are “widespread statements recommending limitation or elimination of caffeine 
intake” (pg. 251). This logic stems from the fact that caffeine is “a diuretic and induces frequent 
urination, which ultimately can cause body dehydration,” and therefore an effect on the vocal 
fold tissues (pg. 251). The authors experimented with 100 milligrams of caffeine. They found 
that this amount of caffeine did not degrade vocal acoustic or aerodynamics differently, but state 
that this may have been the finding since it is not an uncommon occurrence for individuals to 
consume more than 100 mg of caffeine per day. As a result of this finding, the authors stated that 
additional investigations must be conducted. In a review study by Vella and Cameron-Smith 
(2010) which focused on alcohol, athletic performance, and recovery, the authors describe that 
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alcohol acts as a diuretic, and therefore has an effect on bodily hydration. While this study does 
not refer specifically to the vocal tissues, based on evidence of the effect of alcohol on other 
bodily systems and the resulting suspicion that both caffeine and alcohol can have dehydrating 
effects on the vocal folds, subjects in the current study were instructed to refrain from consuming 
these substances two days before the experiment. In addition, if a subject had a cold or laryngitis 
at the time of recruitment or developed a cold or laryngitis after they had been recruited and set 
up their lab appointments, they were offered the chance to reschedule the appointments for when 
they were well again. These stipulations were established in order to maintain consistency 
between subjects before Session 2. 
Session 2:  
 During Session 2, participants initialed points on a checklist to ensure that all directions 
for the seven days prior to the experiment were followed. Participants also rated their current 
level of sleepiness using the 9-point Karolinska Sleepiness Scale (Akerstedt & Gillberg, 1990). 
Participants’ scores on this test are summarized in Table 4. A baseline test of vocal quality was 
taken using the instruments and measurements described in the following section. Next, the 
subject read aloud at habitual pitch and normal loudness for 30 minutes from the book Harry 
Potter and the Deathly Hallows by JK Rowling. Subjects started from the first chapter and were 
instructed to keep reading until the end of the 30 minutes. Rather than assign a designated 
passage with a specific length, this was done because it was assumed that subjects would read at 
different paces. After the first reading task, measurements were repeated in order to assess if an 
effect of sustained reading on voice was present. Subjects then drank 8 ounces of water, 
following which measurements were repeated once again in order to determine if hydration 
immediately impacted voice parameters. Subjects then took a break for 15 minutes and were 
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instructed to not talk or read silently. The measurements were taken again after the break. Then 
this process (reading, hydration, pause) repeated a second time. When beginning the second 
reading task, subjects began reading where they left off from the first reading task.  
 In total, the series of measurements were made seven times during Session 2 for each 
subject. These time points included Baseline (B), after Reading 1 (R1), after Hydration 1 (H1), 
after Pause 1 (P1), after Reading 2 (R2), after Hydration 2 (H2), and after Pause 2 (P2). 
Measurements were repeated to track any changes in vocal quality, and baseline testing 
represented the habitual vocal measurements that were the comparison point for the six 
additional measurement time points throughout the experiment. During each of the time points, 
participants performed the following tasks:  
 Sustained /a/ (say “ah”) vowel 
 Slide vowel (sustained vowel from high pitch to low pitch) 
 Counting from 1 to 10 
 Reading of “The Rainbow Passage” 
 Self-ratings of vocal quality via questionnaire 
 
 It should be taken into account that in this study, subjects were instructed to speak in 
isolation with only the principal investigator. Voice quality may differ between the contexts of 
one-on-one speaking verses speaking in public areas. It was recognized that speaking by oneself 
in the speech lab may not be entirely transferable to speaking in a public environment. 
Instrumentation 
 Voice recordings were obtained within a large sound-proof room in the Speech Research 
Lab. Participants spoke into a condenser microphone placed about 4 inches away from the 
mouth, which was connected to a Marantz PMD460 digital recorder. All records were made at 
16-bit resolution and a sampling rate of 48,000 Hertz. Voice recordings were imported to Praat 
(Boersma & Weenink, 2011), a software program for analyzing speech and voice, for analysis of 
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the measurements. A sound pressure level (SPL) meter, positioned about 30 centimeters away 
from the mouth, was also used to collect voice loudness data. The term “loudness” is used to 
refer to the intensity level in decibels (dB SPL) of the voice. This information was collected from 
two sources during this study: Praat and the SPL meter. Voice measurements that were gathered 
from the tasks listed above are included in Table 2. 
Table 2. Voice measurements by task 
Task Measurement 
Sustained vowel /a/  Fundamental frequency 
 Formants (F1, F2, F3) 
 Duration 
 Jitter (change in frequency between cycles of vocal fold 
vibration) 
 Shimmer (change in amplitude between cycles of vocal 
fold vibration) 
 Harmonics-to-noise ratio 
 Loudness of voice 
Vowels /i/, /ɔ/, and /æ/  
(from Rainbow Passage) 
 Fundamental frequency 
 Formants (F1, F2, F3) 
 Duration  
Reading the Rainbow Passage  Speech rate 
o Syllables per second 
o Words per second 
Slide /a/ (high to low pitch)  Pitch range 
 
 In keeping with two of the goals of this study (to investigate any precise changes in voice 
during two reading tasks and to measure any changes to that same voice after oral hydration 
interventions) each measurement listed above was utilized in order to help determine what 
measurement is the best indicator of fatigue. Fundamental frequency is the lowest frequency of a 
complex periodic waveform. In measuring an individual’s fundamental frequency throughout 
this experiment, we were identifying if fatigue had any effect on the physical properties (and 
thus, the vibratory properties) of a voice. Measuring fundamental frequency is common among 
studies investigating vocal fatigue. For example, the study by Remacle et al. (2012) used 
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fundamental frequency as a measurement in studying the voices of 50 female subjects. They 
found that fundamental frequency increases during prolonged oral reading, which was noted 
even after 30 minutes of reading (Remacle et al., 2012). Even though fundamental frequency has 
been included in past studies, it is important to include in the current study because of the great 
variability of study design, and also the fact that the current study investigated fatigue at normal 
loudness of voice (unlike the Remacle et al. study, which regulated subject loudness level).  
 Formants are peaks in spectral energy and reflect the resonance qualities of the vocal 
mechanism, and were also measured during this experiment. These peaks may also provide an 
indicator of a fatigued voice. Jitter (the change in frequency between cycles of vibration—in this 
case, vocal fold vibration) and shimmer (the change in amplitude between cycles) were used as 
indicators of fatigue as well. Both of these measurements reflect instability in the production of 
voice. Remacle et al. (2012) discusses both of these measurements in their study, as well as 
additional studies that the authors included in their own literature review. They reported that 
jitter did not change in their experiment, while shimmer decreased as a result of the vocal 
loading task. However, most of these comparison studies presented have variable study designs, 
variable subject populations, and variable results.  
 Using the harmonics-to-noise ratio in this experiment provides an indicator of noise in 
the voice. Comparing the amount of noise in the voice to the harmonic sound from the vibrating 
vocal folds may provide an indication of fatigue. Speech rate was also included as a 
measurement to indicate if the individual became fatigued as they read aloud, as well as the pitch 
range of that individual. Because the measurements described were used at all stages of the 
experiment (after reading tasks, hydration, and breaks), they were used to reflect any transient 
changes to voice that may occur as a result of hydration and breaks. 
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Statistical Analysis 
 NCSS Statistical Software was used to analyze the data collected. Within-session 
repeated measures analyses of variance were completed for each variable in order to determine if 
any effects of TIME (7 time points) occurred on the target variable of interest, reflecting vocal 
function. Tukey-Kramer multiple confidence intervals were used to assess the nature of the 
significant effects post-hoc. Because we were interested in comparisons between specific time 
points, Tukey-Kramer multiple confidence intervals were used to assess the nature of the 
significant effects post-hoc, but were also examined for non-significant main effects to assess if 
relevant time points varied from one another. Alpha was set to .05 for all statistical testing.  
RESULTS 
Before results are summarized, the following exceptions should be noted: 
 VOFAT 9 SPL loudness data used in place of Praat loudness data due to using a different 
microphone for half of data collection (P1-P2) (Marantz Professional Solid State Recorder 
PMD661). 
 VOFAT 4 woke up 4 hours before the experiment instead of 2 hours, but followed all other 
experimental protocol (drinking 16 ounces of liquid, not talking, solid breakfast, etc.). 
 VOFAT 9 had a small sip of water in front of investigator before the start of Session 2, but 
was immediately advised not to drink anymore due to regulations. 
Because of the already small sample size, these participants were still included in the analyses.  
Results are summarized in Table 3 and reported per variable. 
Table 3. Variables by F-value, p-value, significance 
Variable Within subject  
F-value 
(α=.05) 
p-value1 
Fundamental frequency sustained /a/ 1.89 .10 
Duration sustained /a/ 8.10 <.0001**** 
Pitch range sustained /a/ 1.77 .13 
                                                          
1 Level of significance: p≤.05*, p≤.01**, p≤.001***, p≤.0001**** 
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Jitter (%) sustained /a/ 2 .08 
Jitter (%) sustained /a/ (without VOFAT 7) 3.77 .004** 
Shimmer (%) sustained /a/ 1.18 .33 
Shimmer (dB SPL) sustained /a/ 1.27 .28 
Harmonics-to-noise ratio sustained /a/ 2.19 .06 
Formant 1 sustained /a/ 1.35 .26 
Formant 2 sustained /a/ 0.77 .60 
Formant 3 sustained /a/ 0.75 .61 
Syllables per second of Rainbow Passage 3.28 .008** 
Words per second of Rainbow Passage 3.24 .009** 
Loudness (Praat) 0.41 .87 
Loudness (SPL meter) 0.27 .95 
Slide duration (high to low) 2.47 .04* 
Slide pitch range (high to low) 0.42 .86 
 
1) Fundamental frequency for sustained /a/ (Figure 1) 
ANOVA revealed no significant effects of TIME on fundamental frequency for this variable, 
F(6,48)=1.89; p=.10. Tukey-Kramer post-hoc comparisons also revealed that there were no 
significant effects of TIME. 
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Figure 2: Sustained /a/ fundamental frequency change, R1 – H1
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Figure 4. Sustained /a/ fundamental frequency change, H1 – R2 
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2) Duration for sustained /a/ (Figure 6) 
ANOVA revealed significant effects of TIME on duration for this variable, F(6,48)=8.10, 
p<.0001. Tukey-Kramer post-hoc comparisons revealed significant effects from the baseline 
measurement to the end of the experiment, and from baseline to after P1. Sustained 
phonation durations decreased from baseline to the end of the first break, and were also 
significantly lower at the end of the experiment relative to the baseline measurements. 
 
 In Figure 6, the results for the average duration of the sustained /a/ can be observed. 
Between time points B and P1 and between time points B and P2, the average duration of the 
sustained /a/ for the nine subjects decreased, from 9.22 seconds at B, to 7.34 seconds at P1, and 
6.17 seconds at P2.  
 Figure 7 displays the difference values for each time point from baseline (B) (which 
shows as a value of 0 seconds) for each subject. With the exception of two subjects (VOFAT 6 
and VOFAT 8), all subjects decreased in /a/ duration immediately after the baseline 
measurement. While there was great variability between subjects in both the time length of the 
/a/ production and the pattern of individual subject fluctuations in duration, it is interesting to 
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note that no subject increased their /a/ duration above their baseline duration. The two subjects 
that did increase in duration immediately after the baseline level at R1 did not increase their 
duration above baseline for the remainder of the study.  
 
3) Pitch range for sustained /a/ (Figure 8)  
ANOVA revealed no overall significant effects of TIME on pitch range for this variable, 
F(6,48)=1.77; p=.13. Tukey-Kramer post-hoc comparisons revealed, however, that there was 
an increase in mean pitch range from B to R1, and there were significant declines in mean 
pitch range from B to P1 and from B to P2. From B to R1, the mean pitch range increased 
from 148.96 Hz to 166.21 Hz. From B to P1 the mean range decreased from 148.96 Hz o 
88.88 Hz. At P2 at the end of the experiment, mean range had decreased further to 61.5 Hz. 
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4) Jitter (%) for sustained /a/ (Figure 9) 
ANOVA revealed no significant effects of TIME on percent jitter, F(6,48)=2; p=.08. Tukey-
Kramer post-hoc comparisons also revealed no significant effects.  
 
 As noted in Figure 9, VOFAT 7 appears to be considered an outlier for this variable. 
Therefore, we re-ran the ANOVA without this subject, the results of which are displayed in 
Figure 10. A significant effect of TIME on percent jitter was obtained, F(6,48)=3.77; p=.004, 
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when VOFAT 7 was removed from the data set for this variable. However, Tukey-Kramer post-
hoc comparisons did not reveal any relevant significant effects between the time points of 
interest in the experiment (for example, change between R1 and R2, H1 and H2, etc.).  
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5) Shimmer (dB SPL) for sustained /a/ (Figure 11) 
ANOVA revealed no significant effects of TIME on shimmer in decibels, F(6,48)=1.27; 
p=.28. Tukey-Kramer post-hoc comparisons also revealed no significant effects. 
 
6) Harmonics-to-noise ratio for sustained /a/ (Figure 12) 
ANOVA revealed no significant effects of TIME on harmonics-to-noise ratio, F(6,48)=2.19; 
p=.06. Tukey-Kramer post-hoc comparisons also revealed no significant effects. 
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7) Formants of sustained /a/  
ANOVA revealed no significant effects of TIME on the first formant frequency for this 
variable, F(6,48)=1.35; p=.26. ANOVA revealed no significant effects of TIME on the 
second formant frequency for this variable, F(6,48)=0.77; p=.60. ANOVA revealed no 
significant effects of TIME on the third formant frequency for this variable, F(6,48)=0.75; 
p=.61. For all three formants, Tukey-Kramer post-hoc comparisons also revealed no 
significant effects. 
8) Rainbow Passage reading rates (Figures 13 and 14) 
ANOVA revealed significant effects of TIME on speech rate in syllables per second, 
F(6,48)=3.28; p=.008, and in words per second, ANOVA also revealed significant effects of 
TIME, F(6,48)=3.24; p=.009. For both variables, Tukey-Kramer post-hoc comparisons 
revealed no relevant significant results between time points of interest in this study. 
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9) Loudness of voice (Figures 15 and 16) 
ANOVA revealed no significant effects of TIME on loudness of voice (as measured in Praat 
software), F(6,48)=0.41; p=.87, or as measured through the SPL meter, F(6,48)=0.27; p=.95. 
Tukey-Kramer post-hoc comparisons also revealed no significant effects. As stated 
previously, the term “loudness” is used to refer to the intensity level in decibels (dB SPL) of 
the voice.  
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10) Slide duration (high to low pitch) (Figure 17) 
ANOVA revealed significant effects of TIME for the slide duration, F(6,48)=2.47; p=.04. 
Tukey-Kramer post-hoc comparisons revealed no significant effects. 
 
11) Slide pitch range (high to low pitch) (Figure 18) 
ANOVA revealed no significant effects of TIME for the slide pitch range, F(6,48)=0.42; 
p=.86. Tukey-Kramer post-hoc comparisons also revealed no significant effects. 
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Qualitative Analysis 
 As stated in the procedures, each participant was asked to complete assessments of their 
habitual voice use and hygiene, as well as subjective ratings throughout Session 2 of the 
experiment. The results of these qualitative data are given below. 
1) Voice Rating Scale 
 The scores for average vocal use in Figure 19 are averages based on a rating scale that 
asked participants to rank their vocal activities from 0-3 (0=none, 3=more than average). Eight 
total questions were asked. Participants were asked questions such as if they habitually scream at 
sporting events or while in noisy environments, raise their voice often, talk for long periods of 
time without a break, clear their throat or cough often, or frequently talk on the phone. Rating 
scores for each subject were averaged. It should be noted that all subjects’ average voice use 
ratings fell below a rating of 2 and most participants reported at or lower than a 1.25 average 
voice usage on a day-to-day basis. 
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2) Karolinska Sleepiness Scale 
 Subjects rated their current level of sleepiness using the 9-point Karolinska Sleepiness 
Scale (Akerstedt & Gillberg, 1990). One of the reasons that participants were instructed to come 
in two hours after waking up was to avoid any possible effects of sleep inertia on voice. The 
impairment to alertness and performance on various tasks upon waking from sleep is termed 
“sleep inertia” (Jewett et al., 1999). The Karolinska scale was used as a subjective assessment of 
sleepiness. Ratings included (1) very alert, (3) alert - normal level, (5) neither alert nor sleepy, 
(7) sleepy – but no effort to keep awake, (9) very sleepy, great effort to keep awake, fighting 
sleep. The even numbered ratings were the intermediate steps between those listed. The mode 
level of sleepiness was rating (3) alert - normal level for the nine subjects, suggesting that 
subjectively, subjects did not consider themselves sleepy. 
Table 4. Results of Karolinska Sleepiness Scale 
VOFAT 
Subject 
1 2 3 4 5 6 7 8 9 
Rating 4 3 6 5 3 3 4 3 3 
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3) Subjective Voice Ratings 
 Subjects completed self-ratings of vocal quality at each measurement time point to 
personally assess any effect of the readings, hydrations, and pauses on voice, as well as the 
baseline (habitual) state of their voice upon entering the lab. The ratings are as follows: (5) My 
voice is running smoothly and flows, (4) My voice is running smoothly but is a little harsh, (3) 
My voice is running, but is kind of airy, (2) My voice is airy, raspy, and a little low, (1) My voice 
is extremely low, airy, raspy, and a little painful, and (0) I just can’t talk. In the “final rating,” 
subjects were asked if their vocal quality changed progressively from the start to the finish of the 
experiment including all the tasks. They answered either “yes” or “no” and provided a brief 
written description.  
Table 5. Results of Subjective Voice Ratings 
Time point B R1 H1 P1 R2 H2 P2 Final rating 
VOFAT 1 5 4 5 4 3 4 4 Yes 
VOFAT 2 4 2 5 4 2 5 4 Yes 
VOFAT 3 4 2 3 4 3 4 4 Yes 
VOFAT 4 5 4 5 5 4 5 5 Yes 
VOFAT 5 5 3 3 3 2 4 4 Yes 
VOFAT 6 4 4 5 5 3 3 3 Yes 
VOFAT 7 4 4 4 4.5 3 4 5 Yes 
VOFAT 8 3 3 4 5 4 5 4 Yes 
VOFAT 9 5 4 5 5 4 4 5 Yes 
 
DISCUSSION 
 The aim of this study was to characterize the changes to voice with sustained reading at 
normal loudness and to assess if hydration offered any immediate positive changes to voice 
characteristics. Based on previous research, it was hypothesized that there would be noticeable 
detrimental vocal changes expressed by decreases in the measurements taken throughout the 
29 
 
 
 
experiment. Further, it was hypothesized that there would be a transient positive change after 
each hydration intervention.  
 This study revealed very few statistically significant results. There are several possible 
reasons why there were not many statistically significant effects in the data. One reason is that 
the sample size was relatively small (n=9). Because of this small sample size, there is less of a 
chance that the results of this experiment can be generalized to the true population values for the 
variables in question.  
 As seen on the figures provided, some overall patterns emerge in terms of the change 
occurring to subject voices, but the statistical analysis of many of these values did not reveal that 
the changes were significant because of this variability between subjects. The next portion of this 
discussion will reflect on how vocal changes according to fatigue appear to be more 
individualistic in nature. 
 A third reason for why this study did not reveal statistically significant results is that both 
male and female participants were included. Vocal quality varies by gender because males have 
naturally lower frequency voices. Therefore, any information that was collected based on 
frequency measures and did not reveal statistically significant effects may have been due to this 
discrepancy in vocal characteristics. Remacle et al. (2012) investigated 50 female subjects and 
cited a few sources which claim that females are more sensitive to vocal loading tasks than 
males. As a result of this sensitivity, it may be that females show more dramatic changes in vocal 
parameters than males as a result of a loading task. In Figure 1, it can be observed that the three 
male subjects included in the current study (VOFAT 6, 7, and 9) show an overall lesser degree of 
change than the females from one stage of the experiment to another. However, since only three 
males were included in this study, this pattern should be interpreted with caution. 
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 A fourth reason is that the reading tasks in the current study were shorter (30 minutes per 
reading session) than in previous studies. It is possible that because the reading tasks were 
shorter, there was not ample time to allow for subjects’ voices to fatigue. Perhaps with longer 
reading sessions or a third reading session added to the experimental layout, there would not only 
have been more statistically significant effects, but also more systematic patterns between 
subjects’ vocal parameters.  
 A significant effect was noted for the duration in seconds of the sustained /a/ vowel. As 
stated above, significant effects were tested between the seven time points in the experiment. For 
the sustained /a/ duration, there were significant effects from B to P1, and B to P2. The change 
from B to P1 reflects a change in the first half of the experiment, and that from B to P2 reflects a 
global change in the experiment from start to finish. From each of these time points, average 
duration of the /a/ in seconds decreased, as shown in Figure 6. In Figure 7, individual patterns in 
the duration of /a/ can be observed. As stated above, all subjects (except for VOFAT 6 and 
VOFAT 8) decrease immediately below the baseline measurement of duration. A commonality 
between all subjects is that no subject increased their /a/ duration above their baseline level. 
VOFAT 6 and 8 did not increase their duration above baseline for the remainder of the study 
after doing so at R1. The initial hypothesis of this study predicted that there would be a 
detrimental change in vocal parameters as a result of the reading task. While average /a/ duration 
did decrease, the significant effect for this variable occurred between a range of time points, 
rather than between individual time points (e.g., B and R1). Therefore, it is assumed that this 
decrease in average /a/ duration occurred as a result of prolonged reading, but we cannot know 
for sure in terms of statistically significant results because a range of time points was significant.  
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 The study by Remacle et al. (2012) concludes by saying that duration and intensity of a 
vocal loading task are important in determining the overall effect of the task on voice, but that 
duration affects more variables overall. In the context of the current study, the duration of the 
experiment is a relevant loading factor.  
 The duration in seconds of the slide vowel (/a/ from high to low pitch) revealed 
significant effects in ANOVA, but no significant effects post-hoc. The results of the average 
duration for this variable are summarized in Figure 17. It can be observed that average duration 
for the slide vowel is lower for R2 than for R1. The changes in duration for this variable may 
have been as a result of sustained speaking.  
 Significant effects were also noted in the two measures of the Rainbow passage reading 
rate: syllables per second and words per second. However, no relevant significant effects were 
noted post-hoc between the time points of interest in the study. As stated above, this could be 
due to variability between subject reading rates between the time points of interest. As seen in 
Figures 13 and 14, there appears to be a general increase in the average reading rate, meaning 
that as subjects read the Rainbow Passage at each time point in the experiment, it took them 
longer to do so. This pattern could be the result of continuous reading and any fatigue that 
resulted. 
  Beyond the variables that did reveal statistically significant results, several of the 
variables revealed interesting patterns within the nine subjects included in this study, even 
though they were not significant in terms of statistical analysis. Furthermore, these variables, 
particularly the sustained /a/ taken at each time point, revealed patterns that can be used to 
generate some speculations related to the hypotheses for this study. It was hypothesized that 
there would be noticeable detrimental vocal changes expressed by decreases in the measurements 
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taken throughout the experiment. In Figure 1, it can be observed that not all subjects showed a 
decrease in fundamental frequency for the sustained /a/ after the first and second 30 minute 
reading task (R1 and R2). Rather, about half the subjects increased in fundamental frequency as 
a result of the initial reading (between B and R1). However, after the second reading (ie, the 
change between P1 and R2), most subjects exhibit the hypothesized decrease in fundamental 
frequency. As discussed previously, the study by Remacle et al. (2012) found that average 
fundamental frequency, among other vocal measures, actually increased during a prolonged 
reading task, perhaps as a response to fatigue. However, it is difficult to make a complete 
comparison between this result and the current study. This is because in the current study, the 
change as a result of R1 is pretty evenly divided between those who increased and those who 
decreased in fundamental frequency. In terms of the current study and the results obtained, the 
hypothesis that vocal measurements would decrease immediately was not supported in terms of 
the general change observed after the first reading task. However, the hypothesis was generally 
supported in terms of the changes observed after the second reading task because most subjects 
show the predicted decrease in fundamental frequency.  
 The conclusion to be drawn from this is that fatigue may, in fact, occur as a result of a 30 
minute reading task at normal loudness; however, it is clear from Figure 1 that the change in 
fundamental frequency was not always consistent in direction or magnitude between the first and 
second readings. This result was unexpected. Those individuals who demonstrated a decrease in 
fundamental frequency during the first reading seemed to go back to baseline values after 
hydration, possibly showing a fatigue effect followed by hydration relief. However, those that 
demonstrated an increase in fundamental frequency during the first reading also demonstrated an 
additional increase in this variable after hydration. It is worth considering if this may be evidence 
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of a “vocal warm-up” from this variable for some individuals, which would explain the initial 
increase in fundamental frequency after the first reading. The idea is that the voice must warm-
up before it can fatigue. Since subjects were instructed to wake up 2 hours before their scheduled 
lab session and avoid talking during that 2 hour period, it was expected that most subjects arrived 
at the lab without having talked that morning, or at least minimally. Therefore, the results 
displayed on Figure 1 have captured subjects’ first vocal use of the day, and in some cases, a rise 
in fundamental frequency which may reflect a vocal warm-up.  
 Previous studies have been conducted to investigate vocal warm-up, however, the 
majority of these studies investigated the phenomenon in the context of singing. A study that was 
relevant to the current study was conducted on the objective analysis of vocal warm-up (Vintturi, 
Alku, Lauri, Sala, Sihvo, & Vilkman, 2001). It was conducted to analyze vocal warm-up in terms 
of several vocal parameters during a 45-minute vocal loading session that took place in the 
morning “prior to any significant voice use” (pg. 36, 37). Among several findings, the result 
relevant to the current study is that, in males, fundamental frequency increased “in normal 
phonations” (pg. 37). This study used different exposure groups of subjects. The exposure factors 
included relative humidity of ambient air, speech output level, and a sitting or standing posture. 
The authors stated that the changes in vocal measurements due to warm-up could be interpreted 
as “a change toward more active or even hyperfunctional as well as more pressed voice 
production” (pg. 46). They stated that in line with recently conducted research, this appears to 
confirm that hyperfunctionality in voice production is a change that is normal in human voices 
with vocal loading. Furthermore, the authors state that the physiological background of this 
discovery is still open for speculation but a major factor could be the changes in the viscoelastic 
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properties of the vocal fold mucosa. The study concludes by saying that vocal warm-up affects 
several aspects of voice production.  
 The study by Remacle et al. (2012) required different intensity levels of voice for two 
different reading tasks, the first task at 60-65 dB SPL (normal loudness) and the second at 70-75 
dB SPL. The intensity level of the first task is most comparable to the current investigation, 
which required subjects to speak at normal loudness. The authors of the Remacle et al. (2012) 
study noted that there was already a significant increase in fundamental frequency even after 30 
minutes of reading, which is comparable to the proposed “vocal warm-up” that occurred in the 
first 30-minute reading task of the current study. The only dissimilarity is that the increase noted 
by Remacle et al. (2012) continues over time for the 2 hours total of reading.  
 The authors of the Remacle et al. (2012) study also noted that subjects rated their voices 
as having shifted in terms of self-perception, but that they did not rate high values on the 
subjective VAS scale (Visual Analogue Scale). For this reason, it was speculated that this 
increase in fundamental frequency “reflects an adequate physiological adaptation of the vocal 
apparatus to loading, rather than a sign of vocal fatigue” (pg. e184). The authors do not explicitly 
refer to this physiological adaptation as a vocal “warm-up,” but the same effect of an increase in 
fundamental frequency found in this study is reflected in the first 30 minute reading task of the 
current study. In addition, the study by Solomon et al. (2003) did not directly investigate a vocal 
warm-up, but did have subjects read aloud for 10 minutes at the beginning of sessions at a 
comfortable level “to warm-up the voice” (pg. 34). The authors state that this warm-up task was 
“expected to result in stable phonatory performance” (pg. 34).  
 In the current study, it was also hypothesized that there would be a transient positive 
change after each hydration intervention. This hypothesis was supported in the results for most 
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subjects and Figures 2 and 3 are helpful in this analysis. Figure 2 displays the change in pitch for 
the sustained /a/ for the time in between R1 and H1. Figure 3 shows the same information, but 
for the time in between R2 and H2. Difference values (between the baseline measurement and all 
other time point measurements) were used to make these graphs. This same information is 
expressed in Figure 1, but it is useful to look at this information after it has been isolated to see 
the true effect of hydration, the variability between subjects, and how the distribution of the 
results is different between the warm-up period and the true fatigue period. Figure 2 displays 
that, as a result of H1, all subjects (except VOFAT 4) show an increase in fundamental 
frequency. In Figure 3, the same increase in fundamental frequency occurs as a result of H2 for 
all subjects except VOFAT 5 and VOFAT 6, who showed a decrease in fundamental frequency.  
 The second part of the hypothesis that was related to a transient positive change after 
each hydration was that this positive change would be masked by continued sustained voice use. 
In other words, any positive change that occurred in vocal measurements would decrease with a 
second reading task. Therefore the data between H1 and R2 is of interest. The results of this 
interval are displayed in isolation in Figure 4 for clarity. To answer this hypothesis, there would 
need to be a lower value at R2 than at H1. Five of the nine total subjects followed this pattern. 
The other four subjects (VOFAT 3, 6, 7, and 8) increased in fundamental frequency. Based on 
this data set of nine subjects and the results, there is not enough evidence to accept or reject this 
portion of the hypothesis. Perhaps with a larger data set, there would be more sound evidence for 
accepting it.  
 In Figure 2, there is increased evidence of the variability between subjects in terms of 
vocal change. The distribution of fundamental frequency values is more widely spread, though 
most subjects do exhibit an increase in fundamental frequency as a result of hydration after the 
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reading task. In Figure 3, the distribution is more clustered around a tighter range of values, 
giving evidence to the idea that there were less individual differences between subjects as a 
result of the second reading task and the hydration intervention that followed.  
 Figures 2 and 3 are also helpful to further support the idea of a vocal warm-up. As the 
true fatigue takes hold after the second reading task, individuals were responding to hydration in 
a much more comparable way. In other words, there is less between-subject variability. With the 
first reading task, individuals responded to the hydration intervention in a much more individual 
manner. 
 The differences just described in fundamental frequency between these two different 
intervals in the experiment and the idea of a vocal warm-up provide justification for considering 
the measurements collected at P1 as a “second baseline.” As seen from Figure 3, the assumption 
is that after all subjects had completed the first reading task, they had reached a relatively similar 
and comparable vocal condition because fundamental frequency values were more tightly 
clustered. Figure 5 displays the difference values between this second baseline (which now 
shows as a value of 0 Hertz) and all other remaining time points in the experiment. There is less 
variability in fundamental frequency changes between the second baseline and the second 
reading task since all but two subjects (VOFAT 8 and VOFAT 9) decrease in fundamental 
frequency. This is the change that was hypothesized as a result of the reading task and any vocal 
fatigue that occurred. The change seen in Figure 5 may be considered the period of true fatigue. 
The y-axis in Figure 5 shows the same range as that in Figure 1 for ease of comparison and also 
to illustrate the values have become much more clustered in the second half of the experiment 
compared to the first half of the experiment.  
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 These discussion points reinforce the notion of a “within subject study” and that voice 
quality, fatigue, and the effect of hydration are individual in nature between individuals and that 
people respond differently (both in nature and degree) to these variables and conditions. In 
addition, the fact that very few variables revealed statistically significant effects also reinforces 
this conclusion.  
 In comparing these objective results with the subjective ratings by subjects throughout 
the experiment, the best association between objective and subjective results occurred between 
P1 and R2. All subjects rated that their vocal quality decreased between these two points as a 
result of the reading. This was true objectively for all subjects except for VOFAT 8 and VOFAT 
9, who showed an objective increase in measurements instead. All subjects, except for VOFAT 
6, 7, and 8, ranked their vocal quality as worse after R1. VOFAT 6, 7, and 8 ranked their vocal 
quality the same as baseline. This is interesting because as seen in Figure 1, fundamental 
frequency measurements actually indicate that frequency for these three subjects decreased. This 
indicates that the objective measurements may not have been completely predictive of the 
subjective measures, and vice versa.  
 However, it appears that after the second baseline, subjective measures became a little 
more predictive of objective measurements. In particular, VOFAT 1, 2, 3, and 4 rated their 
voices in such a way at R2 and H2 that was in line with the pattern expressed in the objective 
measurements of their fundamental frequencies. This means that these subjects rated a decrease 
in perceptual vocal quality after R2, and this rating was reflected by a quantitative decrease in 
fundamental frequency. They rated a perceptual increase in vocal quality after H2, and this was 
reflected by a quantitative increase in fundamental frequency. These four subjects exhibited the 
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best parallel between objective and subjective measurements of fundamental frequency between 
these two time points.  
 Voice breaks are another useful interpretation in fatigue. Perceptually, voice breaks are 
an interruption in an individual’s typical phonation and therefore indicate that an individual’s 
voice is perhaps not optimally functioning. The voice breaks that occurred in the sustained /a/ 
(measured by Praat software) were interpreted as more significant in terms of any vocal fatigue 
rather than the voice breaks that occurred in the slide /a/ in which subjects produced a high to 
low pitch. The sustained /a/ was held at a constant pitch. With the slide /a/, subjects would often 
reach a low enough pitch that they would begin to use creaky voice, a mode of phonation in 
which there is great medial compression between the vocal folds and a harsher quality to the 
voice (Seikel, King, & Drumright, pg. 241). Since one of the recruitment criteria for this study 
was that subjects could not be trained singers or members of a choir, it is assumed that with 
trained singers, this creaky voice would not occur.  
 Subjectively, it was noted that in the subjects that did exhibit voice breaks in producing 
the sustained /a/ at various time points, most voice breaks occurred after each of the reading 
tasks (ie, R1 and R2). This may be interpreted as a sign of fatigue in the vocal mechanism and 
that physiologically, subject vocal folds were not functioning as optimally as possible.  
CONCLUSION 
 In conclusion, this study was conducted to establish a relationship between vocal fatigue 
and hydration as a result of two sustained, 30-minute reading tasks. Of the many measurements 
collected, there were few statistically significant effects. However, patterns between subjects 
emerged that reinforced the idea that hydration may have a transient effect on voice, and that 
vocal fatigue does seem to occur after a 30-minute reading task. A result that was unexpected 
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was the possibility of a vocal warm-up, in which there was an unanticipated rise in initial vocal 
measurements after the first reading task. It appears that for many subjects, this increase in vocal 
measurements was necessary (ie, a vocal warm-up was necessary) before the predicted decrease 
in vocal measurements could occur as a result of the second reading task. Furthermore, after this 
potential warm-up phase in which there was great variability and range in the measurements 
between subjects, a “second baseline” may have been established after which, overall, subjects 
appeared to be operating within a smaller range of vocal measurements. It is possible that it is 
after this point, true vocal fatigue occurred. From these results, it can also be observed that there 
was great individual variability between the nine subjects involved in this study in terms of vocal 
measurements and vocal patterns in response to warm-up and fatigue. In future research, it may 
be pertinent to incorporate a third reading task into the current experimental design to observe 
any changes that result in a longer total block of reading. It may also be interesting to attempt to 
isolate the vocal warm-up period observed to better estimate an optimal time frame for warm-up 
that may be generalized to everyday speaking situations. In future research or perhaps to 
replicate this study, a larger sample size of subjects should also be obtained with perhaps an 
equal number of males and females to allow statistical comparisons between two groups.  
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